
3/10/2011PCI California Audit Montitored Pilot with Offsite Surgery 1

PCI-CAMPOS 

ADVISORY OVERSIGHT COMMITTEE

JANUARY 2OTH,2O11



Geeta Mahendra, MA, MS

Zhongmin Li, PhD

Laurie Vazquez, MSN, RN, FNP

Suresh Ram, MD

Calvin Chang, MHA

Jason Rogers, MD

Jeffrey Southard, MD

UC Davis Coordinating Center

Jeffrey Southard, MD

Garrett Wong, MD

Melanie Aryana, MD

William Bommer, MD

3/10/2011PCI California Audit Montitored Pilot with Offsite Surgery 2



Kevin Boran, MD

Michael Gen, MD

Donald Gregory, MD

Bipin Joshi, MD

Lakhjit Sandhu, MD

Rohit Sundrani, MD

Stuart Fischer, MD

Steven Forman, MD

Robert Cooper, MD

Christopher Forrest, MD

Garwood Gee, MD

Sushil Karmarkar, MD

William Waibel, MD

Terence Wong, MD

Kwan-Sian Chen, MD

Adil Irani, MD

3/10/2011PCI California Audit Montitored Pilot with Offsite Surgery 3

Steven Forman, MD

Omid Vahdat, MD

Bruce Van Natta, MD

Stephen Arnold, MD

David Weiland, MD

Adil Irani, MD

Aditya Jain, MD

Ashit Jain, MD 

Pradeep Kumar, MD

George Fehrenbacher, MD

Pilot-Hospital Interventionalists



Pilot-Hospital Coders

Clovis Community Hospital

Robert Forey

Douglas Kilpatrick

Doctors Medical Center

Los Alamitos Medical Center

Mary Ann Ma

Linda Campbell

Sutter Roseville Medical CenterDoctors Medical Center

Stephen Scott

Sharri Steiert

Kaiser Walnut Creek

Dennis Patrick

Danielle Bennett

3/10/2011PCI California Audit Montitored Pilot with Offsite Surgery 4

Sutter Roseville Medical Center

Edith Jonas

Joanne Easley

St. Rose Hospital

Amie Selda

Jennifer Cardenas



Enrollment Update as of 12/31/2O1O

� STEMI 164 (34.10%)

� NSTEMI 135 (28.07%)

� Unstable Angina 97 (20.07%)

� Stable Angina 61 (12.86%)

� No Sxs, no angina 23 (4.78%)

� Sx unlikely to be ischemic 1 (0.21%)

Total 481 patients
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Enrollment Update as of 12/31/2010

Enrolled patients (8/1/2010 – 12/31/2010)

Total PCIs Primary PCIs

Pilot-Hospital 1 153 31 (20.26%)

3/10/2011PCI California Audit Montitored Pilot with Offsite Surgery 6

Pilot-Hospital 1 153 31 (20.26%)

Pilot-Hospital 2 93 30 (32.26%)

Pilot Hospital 3 73 30 (41.10%)

Pilot-Hospital 4 34 9 (26.47%)

Pilot Hospital 5 55 15 (27.27%)

Pilot-Hospital 6 73 49 (67.12%)



Enrollment Update as of 12/31/2010

� STEMI 31 (20.26%)

� NSTEMI 50 (32.68%)

� Unstable Angina 36 (23.53%)

Hospital 1: 

� Unstable Angina 36 (23.53%)

� Stable Angina 25 (16.34%)

� No Sxs, No Angina 11 (7.19%)

� Sxs unlikely to be ischemic 0   (0%)

� Total 153 patients

3/10/2011PCI California Audit Montitored Pilot with Offsite Surgery 7



Enrollment Update as of 12/31/2010

� STEMI 30 (32.26%)

� NSTEMI 21 (22.58%)

� Unstable Angina 21 (22.58%)

Hospital 2:

� Unstable Angina 21 (22.58%)

� Stable Angina 13 (13.98%)

� No Sxs, No Angina 8 (8.60%)

� Sxs unlikely to be ischemic 0 (0%)

� Total 93 patients
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Enrollment Update as of 12/31/2010

� STEMI 30 (41.10%)

� NSTEMI 15 (20.55%)

� Unstable Angina 21 (28.77%)

Hospital 3:

� Unstable Angina 21 (28.77%)

� Stable Angina 6 (8.22%)

� No Sxs, No Angina 1 (1.37%)

� Sxs unlikely to be ischemic 0 (0%)

� Total 73 patients
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Enrollment Update as of 12/31/2010

� STEMI 9 (26.47%)

� NSTEMI 14 (41.18%)

� Unstable Angina 4 (11.76%)

Hospital 4:

� Unstable Angina 4 (11.76%)

� Stable Angina 5 (14.71%)

� No Sxs, No Angina 1 (2.94%)

� Sxs unlikely to be ischemic 1 (2.94%)

� Total 34 patients
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Enrollment Update as of 12/31/2010

� STEMI 15 (27.27%)

� NSTEMI 21 (38.18%)

� Unstable Angina 8 (14.55%)

Hospital 5:

� Unstable Angina 8 (14.55%)

� Stable Angina 8 (14.55%)

� No Sxs, No Angina 3 (5.45%)

� Sxs unlikely to be ischemic 0 (0%)

� Total 55 patients
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Enrollment Update as of 12/31/2010

� STEMI 49 (67.12%)

� NSTEMI 13 (17.81%)

� Unstable Angina 7 (9.59%)

Hospital 6:

� Unstable Angina 7 (9.59%)

� Stable Angina 4 (5.48%)

� No Sxs, No Angina 0 (0%)

� Sxs unlikely to be ischemic 0 (0%)

� Total 73 patients
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Software Update

� Procedure medications did not populate: 
resolved in December 2010

� Data lock-down feature: enabled December 
2010

� Intermittent log-on block: resolved with � Intermittent log-on block: resolved with 
additional load balance patch in January 2011

� Lesion counter vs. associated lesion: resolved in 
January 2011

� Definition pop-up: resolved in January 2011

� Automatic log-out warning: available in 
February 2011
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PCI Website Data 
Entry

Query/Review #1

In-hospital Audit

Query/Review #2

Initial Data Audit

Random 10% of all cases, all 
complications, all deaths

Angio Audit

Angio Query/ReviewIn-hospital Audit 
Report

DVD

14

Final Data Audit

Data Lock-down

Final Query

Consensus/
Committee

Xcelera ServerVelos Servers SAS Computer

Statistical Analysis

Query

Data Analysis



Initial Data Audit

� Completeness check

� Internal consistency (arrival 

date/procedure date, CHF, troponin/MI, date/procedure date, CHF, troponin/MI, 

PCI-status, CABG/graft, CTO/STEMI, 

appropriate meds)

� NCDR definitions compliance
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Initial Data Audit: Example

� CAD presentation 
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CAD presentation has to be consistent with pre-procedure troponin 

levels and has to be documented by a physician in the records



Initial Data Audit: Example

� Cardiomyopathy or LV systolic dysfunction
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Cardiomyopathy or LV systolic dysfunction has to be coded ‘yes’ if  

the INDICATION for the cath was the assessment of 

cardiomyopathy or LV systolic dysfunction.



Initial Data Audit: Example

� Best Estimate of Coronary Anatomy
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The degree of stenosis of EACH coronary vessel has to be 

dictated in the cath report. Coders cannot interpret terms such as 

‘moderate stenosis’. 0% should only be entered if the vessel is free 

of CAD and not if the percentage of stenosis is unavailable.



Initial Data Audit: Example

� PCI-status: elective, urgent, emergent, or salvage 

has to be consistent with CAD presentation
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Initial Data Audit: Queries
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Number of query items or Missing Data Per Record after initial data audit 

per hospital:

0.4 items per case file 0.9 items per case file

0.9 items per case file 1.1 items per case file

0.7 items per case file 1.1 items per case file



In-Hospital Audits

� Hospital 1:  19 procedures audited

� Hospital 2:  15 procedures audited

� Hospital 3:  9 procedures audited

66 audits at pilot-hospitals

� Hospital 3:  9 procedures audited

� Hospital 4:  4 procedures audited

� Hospital 5:  4 procedures audited

� Hospital 6:  15 procedures audited
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In-Hospital Audits: Example

In-hospital audit report
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Angiographic Audit: Diagnostic

� IABP or other mechanical ventricular support

� Diagnostic cath (and/or left heart cath) done

� Diagnostic cath status (elective, urgent, emergent, salvage)

� Coronary anatomy: % stenosis in ≥2mm vessels and grafts

� LM� LM

� Prox. LAD

� Mid/Distal LAD, diag. branches

� CIRC, OMs, LPDA, LPL branches

� RCA, RPDA, RPL, AM branches

� Ramus
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Angiographic Audit: PCI 

� Segment number of PCI coronary artery

� Culprit Lesion, 

� Stenosis immediately prior  to RX

� If 100%:  CTO

� If 40-70%: IVUS

� If 40-70%: FFR� If 40-70%: FFR

� If Yes: Ratio

� Pre-procedure TIMI Flow

� Prev. treated lesion

� Lesion in graft

� Lesion complexity 

� Lesion length

� Thrombus present 
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Angiographic Audit: PCI 

� Bifurcation lesion

� Guidewire across lesion

� Stenosis post-procedure

� Post-procedure TIMI flow

� Device deployed� Device deployed

� Intracoronary devices used

� PCI complication: Significant dissection or perforation

� LVEF (if documented)
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Pre-PCI:
STEMI, pre-procedure stenosis of dist. RCA 99%

Angiographic Audit: Example 1 
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Post-PCI:
POBA was performed, post-procedure stenosis
coded as 10% 

Angiographic Audit: Example 1 
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Pre-PCI:

Angiographic Audit: Example 2 
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Post-Procedure:

Angiographic Audit: Example 2 
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High Risk Patient I
(expected clinical risk in case of occlusion or 

other serious complication caused by the PCI)

Includes but is not limited to:
� Decompensated CHF (Killip class 3) 
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� Decompensated CHF (Killip class 3) 
without evidence for active ischemia

� Recent cerebrovascular attack
� Advanced malignancy
� Known clotting disorders
� LVEF≤25%



High Risk Patient II
(expected clinical risk in case of occlusion or 

other serious complication caused by the PCI)

� Left main stenosis ≥ 50% or

three-vessel disease (> 70%
Unprotected by 
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three-vessel disease (> 70%

in all prox. vessels)

� Single target lesion that jeopardizes over 50% of 

remaining viable myocardium

Unprotected by 

prior CABG



High Lesion Risk I
(probability that the procedure will cause acute 

vessel occlusion or other serious complication) 

”High lesion risk” may include, but is not limited 

to lesions in open vessels with the following:
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� Diffuse disease (> 2 cm in length) and 

excessive tortuosity of prox. segments

� More than moderate calcification of a 

stenosis or proximal segments

� Location in an extremely angulated 

segment (>90º)



� Inability to protect major side branches

� Degenerated older vein grafts with friable 

lesions

High Lesion Risk II
(probability that the procedure will cause acute 

vessel occlusion or other serious complication) 
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lesions

� Substantial thrombus in the vessel or at the 

lesion site

� Other features that may, in the 

interventionalist’s judgment, impede stent 

deployment



Eligible patients for elective PCI I

� High risk patient with high risk lesion should 
NOT be included in the pilot program

3/10/2011PCI California Audit Montitored Pilot with Offsite Surgery 34

� High risk patient with a NOT high risk lesion
may be included in the pilot program upon 
confirmation that a cardiac surgeon and an 
operating room are immediately available if 
necessary 



Eligible patients for elective PCI II

� NOT high-risk patient with a high-risk 
lesion may be included in the pilot-
program
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� NOT high-risk patient with a NOT high 
risk lesion may be included in the pilot 
program



PCI Success Rate

Post procedure stenosis <20%: 93.9%
Post-procedure TIMI 3 flow: 96.6%
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PCI CAMPOS:  Initial Statistics

� Total submission: 481

� Complete Data Entry: N=463

� Work in Progress Data Entry: N=18

Complete Data Entry:

� In-hospital mortality: N=9, 1.94% 

� Hospital observed mortality range: 

0.0-8.70%



PCI CAMPOS:

Hospital Distribution of PCI Volume



PCI CAMPOS:

Hospital Observed Mortality Rate



Patient Discharge Data (PDD Non-Pilot): 

Hospital PCI Volume



PDD Non-Pilot : 

Hospital Observed Mortality Rate



PCI CAMPOS: 

Complete Data Entry by MI Type

Alive Deceased Total p-value

STEMI 152 5 157

96.82% 3.18% 33.91%

NSTEMI 123 4 127

0.0554

NSTEMI 123 4 127

96.85% 3.15% 27.43%

Others 179 0 179

100% 0% 38.66%

Total 454 9 463

98.06% 1.94% 100%



PDD Non-Pilot  vs PCI CAMPOS : 

Hospital Observed Mortality by MI Type
STEMI 

MR% (95%CI)

NSTEMI 

MR% (95%CI)

No MI 

MR% (95%CI)

Total PCI

MR% (95%CI)

PDD Non-Pilot 4.30 

(3.59-5.01)

1.90

(1.45-2.35)

0.90

(0.55-1.24)

2.04

(1.74-2.35)(1/1 – 6/30/2010) (3.59-5.01) (1.45-2.35) (0.55-1.24) (1.74-2.35)

PCI-CAMPOS

(8/1 – 12/31/2010)

1.99

(0-5.64)

4.16

(0-11.63)

0 1.85 

(0-5.43)

P-value 0.2115 0.4724 <0.0001 0.8970



Risk adjustment

� PCI CAMPOS data as of 12/31/2010

� Risk factors:

� Demographics

Prior PCI clinical conditions� Prior PCI clinical conditions

� Prior PCI lesion risk



Risk Factor Prevalence and Mortality I

Risk factor N
Prevalence 

(%)

Mortality 

rate (%)
p-value

Age group ≤70 297 64.15 1.35 0.2133

>70 166 35.85 3.01

Gender Female 148 31.97 2.03 0.9292

Male 315 68.03 1.90

White No 101 21.81 2.97 0.3981

Yes 362 78.19 1.66

Body Mass  

Index
18.5-39.9 433 93.52 2.08 0.7276

< 18.5 7 1.51 0.00

40.0+ 23 4.97 0.00



Risk factor N Prevalence (%)
Mortality 

rate (%)
p-value

PCI status Elective/Urgent 291 62.85 0.69 0.0109

Emergent/Salvage 172 37.15 4.07

STEMI STEMI 157 33.91 3.18 0.0554

NSTEMI 127 27.43 3.15

Risk Factor Prevalence and Mortality II

NSTEMI 127 27.43 3.15

Others 179 38.66 0.00

Glomerular 

filtration rate 

(GFR)
Stage 1-2 410 88.55 1.46 0.0373

Stage 3,4,5 53 11.45 5.66

Cardiogenic 

shock
No 450 97.19 1.33 <.0001

Yes 13 2.81 23.08



Risk factor N
Prevalence 

(%)

Mortality 

rate (%)
p-value

NYHA Class I, II, III 449 96.98 1.56 0.0007

Class IV 14 3.02 14.29

Heart failure No 418 90.28 1.44 0.0157

Risk Factor Prevalence and Mortality III

Yes 45 9.72 6.67

Diabetes No diabetes 310 66.95 0.32

Noninsulin 

diabetes
96 20.73 6.25

0.0008

Insulin diabetes 57 12.31 3.51

Prior PCI No 337 72.79 2.37 0.273

Yes 126 27.21 0.79



Risk factor N
Prevalence 

(%)

Mortality 

rate (%)
p-value

Cerebrovascular 

Disease
No 424 91.58 1.65 0.1323

Yes 39 8.42 5.13

Peripherial Artery 

Risk Factor Prevalence and Mortality IV

Peripherial Artery 

Disease
No 428 92.44 2.01 0.3863

Yes 35 7.56 0.00

Cronic Lung 

Disease
No 413 89.20 1.69 0.2648

Yes 50 10.80 4.00

Intra-aortic balloon 

pump
No 448 96.76 1.34 <.0001

Yes 15 3.24 20.00



Risk factor N Prevalence (%)
Mortality 

rate (%)
p-value

Left main stenosis ≤75% 449 96.98 2.00 0.5927

>75% 14 3.02 0.00

Ejection Fraction ≥40% 443 95.68 1.58 0.0076

Risk Factor Prevalence and Mortality V

<40% 20 4.32 10.00

Lesion complexity High/C Lesion 189 40.82 3.70 0.0227

Non-High/Non-C 

Lesion
274 59.18 0.73

Thrombosis No 311 67.17 1.61 0.4536

Yes 152 32.83 2.63

Preproc TIMI Other 323 69.76 0.93 0.0163

TIMI - 0 140 30.24 4.29



PCI-CAMPOS : Multivariable Logistic 

Regression Model for In-hospital Mortality I

� 21 risk factors

� 5 sig. predictors via stepwise 

selection (α<0.05)

� Adjusted OR > 2.00:

� Cardiogenic shock

� Diabetes

� Ejection Fraction<40%

� Lesion complexity: 
High/C



PCI-CAMPOS : Multivariable Logistic 

Regression Model for In-hospital Mortality  II

� Parsimonious Model:

� C-statistic: 0.873

� Hosmer-Lemeshow 
test: p<0.0001

� Full model:

� C-statistic: 0.921

� HL test: p=0.3985



PCI CAMPOS: 

Initial risk-adjusted PCI in-hospital mortality  

Hospital PCI Cases Death at 
Discharge

Observed 
Mortality Rate 

(%)

Expected 
Mortality Rate 

(%)

Risk-Adjusted 
Mortality Rate 

(%, RAMR)

95%CI for 
RAMR

Performance 
Rating

PCI-CAMPOS 463 9 1.94

Pilot-hospital #1
150 2 1.33 1.16 2.23 (0.27, 8.05)

Not 
Different

150 2 1.33 1.16 2.23 (0.27, 8.05)
Different

Pilot-hospital #2
93 1 1.08 1.5 1.39 (0.04, 7.75)

Not 
Different

Pilot-hospital #3
71 0 0 1.12 0 (0.00, 9.03)

Not 
Different

Pilot-hospital #4
33 0 0 1.09 0 (0.00, 19.82)

Not 
Different

Pilot-hospital #5
47 0 0 1.03 0 (0.00, 14.85)

Not 
Different

Pilot-hospital #6
69 6 8.70 6.13 2.76 (1.01, 5.99)

Not 
Different



Statistical Analysis Summary

� PCI-CAMPOS vs PDD Non-Pilot observed hospital 
mortality: 

No significant difference

� PCI-CAMPOS risk-adjusted mortality: � PCI-CAMPOS risk-adjusted mortality: 

No significant outlier hospitals



Patients Transferred for Cardiac Surgery

emergent urgent elective Total Deaths

Pilot-Hospital #1 1 0 0 1 0

Pilot-Hospital #2 0 0 1 1 0

Pilot-Hospital #3 0 0 1 1 0

Pilot-Hospital #4 0 1 0 1 0

Pilot-Hospital #5 0 1 0 1 0

Pilot-Hospital #6 1 2 0 3 1

Total 2 4 2 8 1



Patients Transferred for Cardiac Surgery

Date 
transfer

Time of decision
for transfer

Time of arrival at 
CABG facility Arrival at the OR

NSTEMI; transfer for urgent but not emergent CABG; PCI failure 
without clinical deterioration 17:50 19:23 13:00 two days later

STEMI; transfer for urgent aortic valve replacement; CABG was 
elective; 2nd form was not filled out

STEMI; transfer due to PCI-dissection, patient was to be stabilized at 
CABG facility before surgery, but died before surgery 19:44 22:15 no CABG

STEMI; transfer for CABG due to failed PCI (RCA was still 70% after 
PCI); but received another PCI at CABG facility and no CABG 4:18 6:18

13:03 (PCI, not 
CABG)

STEMI, urgent transfer for CABG due to failed PCI, but surgeons 
decided against CABG and treated patient medically, no CABG done 6:54 8:43 no CABG

STEMI; patient was transferred for elective CABG, 2nd form was not 
filled out

STEMI; RCA stented, planned CABG (high degree LM, LAD, CIRC 
stenoses); surgeon saw patient on the day after the PCI and 
recommended transfer for CABG; patient received CABG two days 
later.

12:39 
(day after PCI)

14:30 
(day after PCI) 8:09 two days later

NSTEMI; transferred for emergent CABG 11:55 13:29 13:41



PCI-CAMPOS Summary I

• Initial Enrollment: 481 patients/5 mos
164 STEMIs

• Data Completion: 463 website entries
• Audit queries: 0.4-1.1 items/record• Audit queries: 0.4-1.1 items/record
• Audit Completions: 66 in-hospital audits

66 angio audits
• Data Set Eligibility: 463 patients
• Emergency Transfer Time: 2:31 hours

1:34 hours



PCI-CAMPOS Summary II

• PCI success rate: 93.9% (<20% stenosis) 

96.6% (TIMI 3)

• Observed mortality: 1.94% ( 0 – 8.70%)

• Transfers:  Emergent 0.43%

Urgent 0.86% Urgent 0.86% 

Elective 0.43%

• Risk factor modeling: PCI-status, GFR, cardiogenic
shock, NYHA, CHF, DM, IABP, EF, lesion complexity, 
pre-procedure TIMI 

• Hospital risk-adjusted mortality: 0 – 2.76%



NCDR PCI on-site surgery data

Option 1: ACCF NCDR to create and transmit a de-identified dataset of 
CA hospitals that does not require hospital consents, with select 
elements suppressed, masked, or calculated, including 3 transmissions 
of patient data from discharges between 7/1/09-6/30/11: $105,000

Option 2: ACCF NCDR to create and transmit a patient record dataset of 
CA hospitals that does require hospital consents, including 3 
transmissions of patient data from discharges between 7/1/09-6/30/11: 
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transmissions of patient data from discharges between 7/1/09-6/30/11: 
$26,000

Option 3: ACCF NCDR to release technical documents with updates to 
unlock files data files (both XML and CSV formats) sent directly from CA 
hospitals to UC Davis (or subcontractor), no technical or project 
consultation time included but full access to www.NCDR.com: $1,000 per 
year



Appropriateness Criteria for PCI
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Patel et al, Catheter Cardiovasc Interv. 2009 Feb 15;73(3):E1-24



Appropriateness Criteria for PCI
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Appropriateness Criteria for PCI
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Patel et al, Catheter Cardiovasc Interv. 2009 Feb 15;73(3):E1-24


